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© Process for the simultaneous manufacture of a plurality of semiconductor devices from a single 
wafer. 



© A process for fabricating a multiplicity of semi- 
conductor devices comprises the steps of applying 
electrodes to both faces of a semiconductor wafer, 
and mounting the semiconductor wafer to a sub- 
strate by means of an intervening layer of wax which 
bonds to the substrate and to the wafer. The wafer is 
then divided by grooves which extend through the 
wafer and at least partially through the layer of wax. 
The grooves are filled with a flexible resin that bonds 
to and passivates the edges of the chips, and the 
resin is subsequently cured. Next, the wax is re- 
moved from the cured resin and chips to provide a 
discrete flexible unit separate from the substrate. 
The discrete unit is divided into cells, each of which 
^includes one of the chips for subsequent fabrication 
^into a completed semiconductor device. 
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PROCESS FOR FABRICATING SEMICONDUCTOR DEVICES AND PRODUCTS PRODUCED THEREFROM 



BACKGROUND OF THE INVENTION 



The invention relates generally to processes for 
fabricating semiconductor devices, and deals more 
particularly with low cost processes for fabricating 
rectifiers and other low and high voltage semicon- 
ductor devices. 

The following process was previously known to 
fabricate semiconductor rectifiers: 

First, a silcon wafer is doped by diffusion to 
provide a p-n layer suitable for the intended ap- 
plication. 

Second, the wafer is cut or sandblasted to 
provide individual "chips", also known in the art as 
"dice". Each of the chips contains a portion of the 
p-n layer forming a small p-n junction. The cutting 
operation may be performed by a disc saw having 
a diamond blade which is adapted to cut approxi- 
mately two-thirds the way through the thickness of 
the wafer. Then, the wafer is fractured along the 
lines of cut into the individual chips. The sandblast- 
ing operation may begin by using wax to bond 
stainless steel resist elements in the shape of the 
desired silicon chips onto the surface of the wafer. 
Then a blast of sand wears channels through the 
wafer around the edges of the resist elements to 
divide the wafer into the desired chips: Both the 
fracturing step of the saw cut operation and the 
sandblast step of the sandblasting operation leave 
the edges of the silicon chips rough. 

Third, silver-plated copper discs are soldered 
with silver solder onto the opposite faces of the 
individual silicon chips to provide electrodes. 

Fourth, the electroded chips are subject to a 
chemical etching process to smooth the sides of 
the chips which were made rough by either the 
cutting or sandblasting operations, in the chemical 
etch step, the individual, electroded silicon chips 
are loaded into a beaker containing a mixture of 
hydrofluoric acid, nitric acid, and acetic acid, and 
the beaker is agitated. Then the electroded chips 
are rinsed in hydrogen peroxide, and later subject 
to additional chemical baths and rinses of the same 
types. 

Fifth, each individual electroded chip is insert- 
ed into an individual mold, and a silicon resin, such 
as Silastic (trademark of Dow Chemical) resin, is 
poured into the mold around the sides of the elec- 
troded chip to passivate the exposed edges of the 
silicon chip. 

Sixth, the resin is cured by heat. 

There are several problems with the foregoing 
process. During the third through sixth steps, the 
silicon chips or electroded chips, as the case may 
be, are separate small pieces which must be han- 



dled individually. This is cumbersome and expen- 
sive, particularly during the fifth step when each of 
the chips is individually inserted into a moid. Also, 
there are frequently errors in the handling such that 
5 the polarity of the cells is reversed, and corre- 
sponding errors result in the subsequent utilization 
of the chip. Moreover, it is cumbersome to elec- 
trically test the chips because they are separated 
from each other and must be handled individually. 
70 Further, the chemical etching steps of the fore- 

going prior art process require multiple baths, re- 
sulting in silver contamination from the electrodes 
and the solder onto the silicon chip. While the 
contamination is less severe than would be the 
75 case if the electrodes were not silver plated, such 
silver contamination degrades the reverse leakage 
current and high temperature performance of the 
finished product. Also, the requirement for a silver 
plate on each copper electrode is expensive. 
20 Accordingly, a general object of the present 

invention is to provide a low cost method for 
fabricating passivated semiconductor devices such 
as rectifiers. 

A more specific object of the present invention 
25 is to provide a process which does not require 
individual handling of a batch of silicon chips used 
to make the semiconductor devices. 

Another specific object of the present invention 
is to provide processes which do not require silver 
30 plated electrode discs. 

Still another specific object of the present in- 
vention is to provide processes which avoid metal 
contamination of the silicon chips. 

Yet another specific object of the present in- 
35 vention is to provide processes which are adapted 
to the production of transistors, thyristors, MOS- 
FETS and other high voltage semiconductor de- 
vices. 

Yet another specific object of the present in- 
40 vention is to provide a batch of electroded silicon 
chips in a form convenient for electrical testing. 

SUMMARY OF THE INVENTION 

45 

The invention resides in a process for fabricat- 
ing a plurality of semiconductor devices. The pro- 
cess comprises the steps of mounting a semicon- 
50 ductor wafer on a substrate, dividing the mounted 
semiconductor wafer into a plurality of chips such 
that there are spaces between the chips, and filling 
the spaces between the chips with a flexible sub- 
stance which firmly bonds to and passivates the 
edges of the chips. In accordance with this pro- 
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cess, passivation advantageously occurs at the wa- 
fer level. Further, junction etching of individual 
chips can be replaced by dividing the wafer into 
chips by mechanical grooving or the like which 
produces a beveled (i.e., V-groove) space between 
adjacent chips, and then chemically etching the 
chips while still in wafer shape. Then, the spaces 
are filled by the flexible bonding and passivating 
substance. 

According to other features of the invention, the 
process further comprises the subsequent step of 
separating the flexibly bonded chips from the sub- 
strate, and the still subsequent step of separating 
the chips from each other while retaining a layer of 
the flexible bonding and passivating substance on 
the edges of the chips. 

The mounting step may comprise the step of 
bonding the wafer to the substrate by an interven- 
ing layer of wax, which wax is melted or chemically 
dissolved during the step of separating the sub- 
strate from the flexibly bonded chips. By the fore- 
going process, the silicon chips are handled as a 
group until the step of separating the chips from 
each other, and this group handling is relatively 
simple and inexpensive compared to the handling 
involved in the prior art process. Also, because the 
chips are bonded together by the substance, errors 
in polarity are avoided. 

The invention also resides in a multiple chip 
structure formed during the process, which struc- 
ture comprises a plurality of the semiconductor 
chips spaced from each other and arranged in a 
single layer, with a resin adapted to bond the chips 
to each other in the layer. The resin fills the spaces 
between the chips and passivates the edges of the 
chips. This structure provides a convenient form in 
which to handle and test the electrical properties of 
the chips. 

According to another embodiment of the inven- 
tion, a process for fabricating a plurality of semi- 
conductor devices comprises the steps of mount- 
ing a semiconductor wafer on a substrate, dividing 
the semiconductor wafer while mounted on the 
substrate into a plurality of chips such that there 
are spaces between the chips, and etching the 
edges of the chips while still mounted on the 
substrate. The etching may be provided by a com- 
bination of acids, and the wafer may be mounted to 
the substrate by an intervening layer of wax which 
is resistant to the acid. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 is a perspective view of a wafer 
structure comprising an electrode plated silicon 
wafer utilized in a process according to one em- 
bodiment of the present invention to fabricate a 
5 multiplicity of semiconductor devices. 

FIGURE 2 is a perspective view of the struc- 
ture of FIGURE 1 mounted on a glass substrate. 

FIGURE 3 is a partial cross-sectional view 
taken along the piane 3-3 of FIGURE 2. 
70 FIGURE 4 is a perspective view of the struc- 

ture of FIGURE 2 after the wafer is grooved to 
define individual dice. 

FIGURE 5 is a partial cross-sectional view of 
the dice and substrate structure taken along the 
75 plane 5-5 of FIGURE 4. 

FIGURE 6 is a partial cross-sectional view of 
the dice and substrate structure as in FIGURE 5 
after the grooves separating the dice are filled with 
a silicone resin. 
20 FIGURE 7 is a cross-sectional view of the 

dice and substrate structure of FIGURE 6 after the 
silicone resin coating the upper faces of the silicon 
dice has been removed. 

FIGURE 8 is a perspective view of the dice 
25 structure of FIGURE 7 after the substrate has been 
removed. 

FIGURE 9 is a partial cross-sectional view of 
the dice structure taken along the plane 9-9 of 
FIGURE 8. 

30 FIGURE 10 is a cross-sectional view of the 

dice structure as in FIGURE 9 after removal of a 
residual layer of wax coating the bottom of the 
dice. 

FIGURE 11 is a cross-sectional view of the 
35 dice structure as in FIGURE 10 after solder has 
been applied to the electrode portions of the silicon 
dice. 

FIGURE 12 is a cross-sectional view of the 
structure as in FIGURE 11 after the individual dice 
40 have been separated from each other. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

45 

Turning now to the figures, FIGURE 1 illus- 
trates a structure generally designated 10 utilized 
in a process embodying the present invention. The 

so structure 10 includes a silicon (or other type) wafer 
12 which, by way of example, is doped by diffusion 
to provide a p-n layer. Both of the faces of the 
wafer 12 are plated to form electrodes 14 and 16. 
By way of example, the plating may be performed 

55 in a three-step operation. According to this exam- 
ple, first the faces of the silicon wafer are nickel 
plated in an electroless manner. Then, the nickel 
surface is gold plated in an electroless manner, 
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and finally, the gold plate is further gold plated in 
an electrolytic manner. In the illustrated embodi- 
ment, the electrodes 14 and 16 cover the entire 
faces of the wafer 12. 

The next step according to the present inven- 
tion and illustrated in FIGURES 2 and 3. is to bond 
the wafer 12 to a glass substrate 18 by means of 
an intervening layer 20 of adhesive such as wax. 
To accomplish this, the glass substrate may be 
held down by a vacuum chuck and heated to 
approximately 125* C. Then, wax in solid form is 
placed on the substrate, and the heat maintained 
until the wax melts. Next, the wafer is placed on 
top of the melted wax and pressed down until the 
wax layer is 1-10 mils, thick. Finally, the substrate, 
wax and wafer are cooled. It should be noted that 
the figures are not drawn to scale and, typically, 
the glass substrate is much thicker than the silicon 
wafer 12 which in turn is much thicker than the 
electrodes 1 4 and 1 6. 

The next step in the process according to the 
invention, as illustrated in FIGURES 4 and 5, is to 
divide the structure 10 into cells 33 whereby the 
silicon wafer is divided into dice or chips 22, and 
the electrodes 14 and 16 are correspondingly di- 
vided into electrode portions 14 and 16 on the 
chips. The chips are sized for the desired applica- 
tion and include a portion of the p-n layer de- 
scribed above. In the illustrated embodiment, 
grooves 24 are mechanically cut by a disc saw 
having a diamond blade which cuts entirely through 
the electrodes 14 and 16 and the wafer 12, but 
only partially through the layer 20 of wax. The 
diamond blade has a profile resulting in a beveled 
groove yielding a high breakdown voltage for a 
rectifier or other end product. 

When the grooves have been formed mechani- 
cally, the wafer/substrate structure shown in FIG- 
URE 4 is immersed in a chemical etching bath to 
smooth the sides of the silicon chips 22 which 
were made rough to a small degree during the 
mechanical cutting step. The chemical bath com- 
prises a mixture of hydrofluoric, nitric and phos- 
phoric acids in a ratio 4-8-3, respectively, and the 
immersion time is approximately 40 seconds. After 
this time, the cell composition is rinsed with de- 
ionized water and dried in air. It should be noted 
that this chemical etching step is much quicker and 
simpler than any corresponding chemical etching 
step required in prior art processes, for several 
reasons. First, the gold plate of the present inven- 
tion is inert to the chemical mixture so that there is 
no need to provide several baths and rinses to 
clean the silicon chips. Also, there is no layer of 
solder at this step of the present process exhibiting 
voids which can trap the contaminated etching mix- 
ture. Further, the structure of FIGURE 4 has fewer 
layers than the prior art, and the surface of the 



beveled edges are not as rough' as in structures 
used in the prior art. 

In another embodiment of the invention, the 
grooves are cut by a chemical etching process. By 

s way of example, the chemical comprises either 
sodium hydroxide or ammonium hydroxide or eth- 
ylene diamene bases or other strong base heated 
between 80 "C and approximately the boiling point 
of the base. The chemical etching process requires 

10 suitable masks for the desired cell size, which 
masks may be comprised of individual electrodes 
on the wafer. Such electrodes are formed by pro- 
viding an oxide layer on the top and bottom of the 
wafer 12. Then, apertures defining the desired cells 

75 are made in the oxide layers on one face of the 
wafer 12, and all oxide on the other face is re- 
moved. Next, the exposed portions of the wafer are 
plated with nickel, and then gold is plated over the 
nickel layer. Finally, the oxide is removed by buf- 

20 fered HF acid, and the wafer is etched to provide 
the grooves. 

After the formation of the grooves by either 
mechanical cutting or chemical etching means, an 
RTV silicone resin 28 is applied by a squeegee 

25 over the grooved wafer so that the resin fills the 
grooves 24 as illustrated in FIGURE 6. The silicone 
resin also coats the electrode portions 1 4 . This 
application step may be performed at room tem- 
perature in a nitrogen atmosphere with less than 

30 10% humidity. By way of example, the squeegee 
has 80 durometer hardness. The RTV silicone resin 
includes iron oxide and acetoxy-silane to provide 
an acetoxy curing mechanism, and is a type which 
can withstand a temperature of at least 350 C and 

35 preferably at least 400 °C without losing ts adhe- 
sion to the wafer 12 or otherwise breaking down. 
The high temperature property is provided by the 
iron oxide component of the resin. One suitable 
silicone rubber compound is part No. 7117-105 

40 RTV produced by Dow Chemical, and another suit- 
able resin bears the trademark Cemusil NG3830 
and is manufactured by CHEMIEWERK of Nunch- 
ritz, East Germany. 

After the silicone resin 28 is applied, it is cured 

45 for approximately 48 hours at room temperature 
using moisture as a catalyst. By way of example, 
the moisture catalyst is provided by 20% to 50% 
relative humidity. Such curing insures a good adhe- 
sion between the silicon resin and the silicone 

so chips 22. 

Next, according to the present invention, the 
layer of silicone resin 28 adhering to the electrode 
portions 14 is removed. Such removal is easy 
because the silicone resin does not adhere well to 

55 the gold, and removal may be accomplished by a 
mechanical buffing operation such as by use of a 
simple rubber eraser. The result is illustrated in 
FIGURE 7. 
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The next step in the process of the invention is 
to remove the glass substrate 18 to form a flexible 
wafer structure as illustrated in FIGURES 8 and 9. 
In the preferred embodiment of the invention, the 
removal is accomplished by first heating the sub- 
strate 18, resin 28, wax layer 20, and wafer 12 to 
approximately 125° C and then peeling the wafer 
12 and resin 28 from the substrate 18. After re- 
moval of the glass substrate, the silicon chips 22 
remain bonded to one another by the cured, flexi- 
ble silicon resin 28. There is also a layer of resid- 
ual wax adhering to the electrode portions 16 and 
the silicon resin 28, which wax is removed by 
dipping in a bath of boiling trichlorethylene in a 
ratio 1-1-1 to form the flexible wafer 32, as illus- 
trated in FIGURE 10. In an alternate embodiment of 
the invention, the glass substrate 18 and wax are 
removed by dipping the structure shown in FIG- 
URE 7 into a bath of trichlorethylene. 

The flexible wafer 32 is in a convenient form to 
electrically test the cells 33 because the cells are 
in known locations relative to each other, exhibit 
the same polarity, and may be easily mounted onto 
a test plate. It should also be noted that because 
the silicon chips 22 are bonded together in the 
flexible wafer 32, they may be handled as a group 
to save time and money. It has been found that the 
adhesion between the silicone resin 28 and the 
edges of silicon chips 22 is extremely tenacious, 
and the flexible wafer 32 is therefore very durable. 

Next, according to the present invention, solder 
34 is applied to the electrode portions 14 and 16 
of each of the ceils 33 as illustrated in FIGURE 11. 
To accomplish this, the entire flexible wafer 32 may 
be dipped into a hot bath of liquid lead-tin, or lead- 
tin-siiver solder at approximately 360 °C. Alternate- 
ly, iead-silver-indium may be pre-formed into disc 
shapes, and one such disc applied to each elec- 
trode portion 14' and 16' of the cells 33. Then, the 
flexible wafer 32 and discs are heated to approxi- 
mately 360 ° C such that the discs adhere to the 
electrode portions 14 and 16'. It should be noted 
that either of these steps is relatively simple com- 
pared to the prior art because in these steps all of 
the cells are joined together in the flexible wafer 
32, and there is no need to orient and mount 
individual cells in preparation for the solder as 
required in prior art processes. It should also be 
noted that any change in size of the silicon chips 
22 due to the heat of the solder bath is accom- 
modated by the flexibility of the resin 28. There- 
fore, there is little danger of cracking the silicon 
chips 22 by thermal shock. 

Next, according to the present invention, the 
flexible wafer 32 with the deposited solder 34 is 
mounted on an adhesive surface such as adhesive 
tape, and the cells are separated from each other 
in a dicing operation. The dicing operation may be 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



provided by a laser beam, a multiplicity of ganged 
saw blades or by a mechanical tearing operation. It 
should be noted that pursuant to any of the dicing 
operations, a thin layer 35 of the silicone resin 28 
is retained along the edges of the individual cells 
33 to passivate the silicon chips 22, as illustrated in 
FIGURE 12. Then, the diced cells are ready for 
assembly into rectifiers, a rectifier bridge or other 
component, depending on the design of the silicon 
chips 22 and the desired application. 

As indicated by the foregoing steps, the wax 
20 which is used to mount silicon wafer 12 to the 
glass substrate 18 must meet several require- 
ments. It must adhere well to the gold electrode 16 
to bond the silicon wafer 12 to the glass substrate 
18. The bond must be strong enough so that the 
wafer 12 does not vibrate when the wafer is cut by 
the diamond saw into the silicon chips 22. The wax 
20 must be chemically resistant to the etching acid 
which, in the illustrated embodiment, comprises a 
hydrofluoric- nitric - phosphoric acid bath. Also, the 
wax 20 must be capable of removal by a chemical 
such as trichlorethylene or other process which 
does not attack the RTV silicone 28. Finally, the 
wax 20 must be a type which does not itself attack 
the RTV silicone. To satisfy these requirements, 
the wax 20 may comprise a mixture of Vestowax A- 
235, a trademark of Durachem of Harrison, New 
York, and CW-210, a product of Corning Rubber 
Company of Brooklyn, New York. The Vestowax 
wax provides rigidity, acid resistance, and clean 
cuts, and the CW-210 wax provides strong adhe- 
sion to gold. Four parts of the Vestowax wax and 
one part of the CW-210 wax, melted at 90-110* C, 
and then mechanically blended together has been 
found to provide an acceptable composition for wax 
20. 

By the foregoing, various processes and pro- 
ducts embodying the present invention have been 
disclosed. However, numerous modifications and 
substitutions may be made without deviating from 
the scope of the invention. For example, a germa- 
nium wafer or a different type of silicon wafer may 
be substituted for the wafer 12 to provide a dif- 
ferent type of semiconductor cell, such as wafers 
which form transistor, thyristor, MOSFET, and other 
semiconductor devices. Therefore, the invention 
has been disclosed by way of illustration and not 
limitation," and reference should be made tc ;he 
following claims to determine the scope of the 
invention. 



Claims 

1. A process for fabricating a plurality of semi- 
conductor devices, said process comprising the 
steps of: 
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mounting a semiconductor wafer on a substrate; 
dividing the semiconductor wafer while mounted 
into a plurality of chips such that there are spaces 
between the chips; and 

filling said spaces between the chips with a sub- 
stance which bonds to the chips. 

2. A process as set forth in claim 1 further 
comprising the subsequent step of separating the 
substrate from the chips and said substance which 
bonds to the chips. 

3. A process as set forth in claim 1 wherein the 
mounting step comprises the step of bonding the 
wafer to the substrate by an intervening layer of 
adhesive. 

4. A process as set forth in claim 3 wherein the 
dividing step comprises the steps of cutting a mul- 
tiplicity of grooves in the wafer, said grooves ex- 
tending entirely through the wafer and at least 
partly through said layer of adhesive. 

5. A process as set forth in claim 4 wherein the 
cutting step comprises the step of cutting said 
grooves with a blade, and wherein said grooves are 
beveled. 

6. A process as set forth in claim 1 wherein the 
dividing step comprises the step of chemically 
etching beveled grooves in said wafer. 

7. A process as set forth in claim 1 wherein 
said substance which fills the spaces between the 
chips comprises a silicone resin which passivates 
the edges of said chips. 

8. A process as set forth in claim 7 wherein 
said silicone resin is flexible when cured. 

9. A process as set forth in claim 8 further 
comprising the step of curing said silicone resin in 
a humid environment. 

10. A process as set forth in claim 9 wherein 
said resin is cured in an environment having 20- 
50% relative humidity. 

11. A process as set forth in claim 8 wherein 
said silicone resin is formulated to withstand heat- 
ing to at least 350° C without losing its bond to the 
chips. 

12. A process as set forth in claim 11 wherein 
said silicon resin comprises iron oxide and acetox- 
ysilane. 

13. A process as set forth in claim 2 further 
comprising the step of electrode plating opposite 
faces of said wafer before the step of mounting 
said wafer onto said substrate, and wherein the 
dividing step includes the step of dividing the elec- 
trode plating into electrode portions which cover 
opposite faces of the chips. 

14. A process as set forth in claim 13 wherein 
the step of filling said spaces between the chips 
also includes the step of covering at least part of 
the exposed electrode portions on said chips with 
said substance. 



15. A process as set forth in claim 14 wherein 
said substance is applied to the exposed electrode 
portions and the spaces between the chips by 
using a squeegee to draw the substance across the 

5 divided semiconductor wafer. 

16. A process as set forth in claim 15 wherein 
the bonding substance comprises a silicone resin. 

17. A process as set forth in claim 16 further 
comprising the step of removing said silicone resin 

70 from said electrode portions by a mechanical buff- 
ing operation. 

18. A process as set forth in claim 17 wherein 
the removal step comprises the step of rubbing 
said silicon resin off said electrode portions using a 

75 rubber eraser. 

19. A process as set forth in claim 1 further 
comprising the step of forming said wafer from 
silicon. 

20. A process as set forth in claim 3 wherein 
20 said adhesive comprises wax, and further compris- 
ing the steps of separating the substrate from the 
chips and said substance which bonds to the chips 
by melting away said wax using heat, and then 
chemically dissolving any wax remaining after the 

25 melting step. 

21. A process as set forth in claim 20 wherein 
trichlorethylene is used to chemically dissolve said 
remaining wax. 

22. A process as set forth in claim 2 further 
30 comprising the steps of applying electrodes to the 

opposite faces of said wafer before the step of 
mounting said wafer on said substrate, and subse- 
quently applying solder to said electrodes after the 
mounting, dividing, filling and separating steps 
35 have been performed. 

23. A process as set forth in claim 22 wherein 
said solder is applied by dipping said chips and 
bonding substance into a solder bath after the 
separating step. 

40 24. A process as set forth in claim 23 wherein 

said bonding substance comprises a silicone resin. 

25. A process as set forth in claim 24 wherein 
said silicone resin is a type which can withstand 
heating to at least 350° C by said solder bath 

45 without losing its adhesion to the chips. 

26. A process as set forth in claim 22 further 
comprising the step of separating said chips from 
each other while retaining a layer of the bonding 
substance on the edges of the chips. 

so 27. A process as set forth in claim 25 wherein 

said bonding substance comprises a silicone resin. 

28. A process as set forth in claim 2 further 
comprising the subsequent step of separating the 
chips from each other while retaining a layer of the 

55 bonding substance on the edges of the chips. 
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29. A process as set forth in claim 28 wherein 
the step of separating the chips from each other 
comprises the step of mechanically cutting through 
said bonding substance between the chips. 

30. A process as set forth in claim 28 wherein 
the step of separating said chips from each other 
comprises the step of cutting the bonding sub- 
stance between the chips with a laser beam. 

31. A process as set forth in claim 1 further 
comprising the step of diffusing impurities into said 
wafer to form a p-n layer. 

32. A process as set forth in claim 1 further 
comprising the step of etching the edges of the 
chips with an acid before the step of filling the 
spaces between the chips. 

33. A process as set forth in claim 32 wherein 
said acid is a hydrofluoric-nitric-phosphoric acid 
mixture. 

34. A process as set forth in claim 32 wherein 
the mounting step comprises the step of bonding 
the wafer to the substrate by an intervening layer 
of wax, and said wax is a type which is resistant to 
the acid used in the etching step and does not 
attack said substance which bonds to the chips. 

35. A process as set forth in claim 34 wherein 
said substance which bonds to the chips is a 
silicone resin and said wax is a type which dis- 
solves in trichiorethylene. 

36. A process as set forth in claim 3 wherein 
said adhesive comprises wax and further compris- 
ing the step of separating the substrate from the 
chips and said substance which bonds to the chips 
by chemically dissolving said layer of wax. 

37. A process as set forth in claim 3B wherein 
said layer of wax is chemically dissolved using 
trichiorethylene. 

38. A flexible wafer used in the fabrication of a 
plurality of semiconductor devices comprising: 

a plurality of semiconductor chips spaced from 
each other and arranged in a single layer; and 
a flexible resin adapted to bond said chips to each 
other in said layer, said resin filling said the spaces 
between said chips. 

39. A flexible wafer as set forth in claim 38 
wherein said layer of chips and said bonding resin 
form a discrete, integral unit. 

40. A flexible wafer as set forth in claim 39 
wherein said resin comprises silicone which pas- 
sivates the edges of said chips. 

41. A flexible wafer as set forth in claim 40 
wherein said silicone resin is a type capable of 
withstanding heating to at least 350 * C without los- 
ing its adhesion to the chips. 

42. A flexible wafer as set forth in claim 41 
wherein said silicone resin includes iron oxide and 
acetoxysilane. 



43. A flexible wafer as set forth in claim 42 
wherein said silicone resin is cured by exposure to 
a humid environment at room temperature. 

44. A flexible wafer as set forth in claim 40 
s further comprising electrodes on opposite faces of 

said chips. 

45. A flexible wafer as set forth in claim 44 
wherein said electrodes are gold. 

46. A flexible wafer as set forth in claim 44 
70 further comprising solder on said electrodes. 

47. A process for fabricating a multiplicity of 
semiconductor devices, said process comprising 
the steps of: 

applying electrodes to both faces of a semiconduc- 

75 tor wafer; 

mounting said semiconductor wafer on a substrate 
by means of an intervening layer of wax which 
bonds to the substrate and to the wafer; 
dividing the wafer while mounted into a multiplicity 

20 of chips by forming grooves which extend through 
the wafer; 

filling said grooves with a resin which bonds to the 
edges of said chips; 
curing said resin; 

25 removing said wax from said cured resin and chips 
whereby said chips and cured resin form a discrete 
unit separate from said substrate; and 
dividing said discrete unit into cells, each ceil in- 
cluding one of said chips. 

30 48. A process as set forth in claim 47 wherein 

the step of removing the wax comprises the step of 
chemically dissolving the wax. 

49. A process as set forth in claim 47 wherein 
the step of dividing said discrete unit into cells 

35 comprises the step of separating the chips from 
each other while retaining a layer of said cured 
resin around the edges of said chips to passivate 
the edges of said chips. 

50. A process as set forth in claim 47 further 
40 comprising the step of applying hot liquid solder to 

the chip and cured resin unit after the removing 
step but before the separating step. 

51. A process as set forth in claim 47 compris- 
ing the further step of: 

45 etching said grooves to smooth them prior to said 
filling step. 

52. A process as set forth in claim 47 wherein 
said resin is flexible when cured. 

50 
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